Variations in the composition of muscle tissue have been studied by neutron activation analysis of microbiopsies in 66 children dehydrated as a result of diarrhea.
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Introduction
Dehydration in infancy is a complex clinical syndrome which is the result of the interaction of different factors. Among these, hydric depletion, electrolytic losses, and metabolic acidosis result in considerable disturbances of the hydroelectrolytic equilibrium of the body. The importance of the hydric and electrolytic disturbances not only depends on the clinical circumstances (diarrhea, vomiting, and fever) but also on the nature of the compensatory intake which may have been given at the beginning of the disease. The relative importance of the hydric and electrolytic losses is partially reflected by the variations of plasma electrolyte concentration. Variations of body composition in dehydration have been studied in children by indirect methods only, i.e., water, electrolyte, and nitrogen balances. The results of those investigations led to the establishment of the theoretical data on which the treatment of dehydration is based [4, 6, 7, 24] . The therapeutic implications of those investigations are no longer a matter of discussion. Nevertheless, it is important to note that these methods do not permit the study of the variations of the composition in different tissues. A direct approach of this last problem, has been devised in experimental studies in which the disturbances of tissular hydroelectrolytic composition induced by variations of extracellular osmolarity are explored. It has thus been possible to show that a decrease of the plasma sodium concentration is accompanied by an increase of intracellular water resulting in cellular hypotonia. However, the decrease of the concentration of ions in the intracellular space is not proportional to the severity of the hyponatremia [5, 36] . Furthermore, experimental studies have shown that, as a result of variations of extracellular osmolarity or body hydration, or both, water and electrolyte content are regulated independently by each tissue [5, 21, 25, 28, 34, 35, 36] .
This work investigates the variations in the composition of two tissues of different structure, muscle and skin, in relation to the disturbances of plasma osmolarity consecutive to acute diarrhea.
Materials and Methods
Subjects Studied
The analysis of the muscle of 66 acutely dehydrated infants 2 weeks-18 months old was carried out. The cutaneous tissue of 21 of these children was analyzed as well.
Specimens of muscle and skin were taken immediately upon admission of the children to the hospital and before any therapy was started. Informed consent was obtained in each case [37] and no complications were encountered.
In 14 children, muscle and skin hydration were measured at the time of admission to the hospital and after complete recovery.
In all the infants included in the study, the dehydration was consecutive to an acute enteritis of 48-hr maximum duration. Vomiting was infrequent and did not contribute significantly to the dehydration. Previous to the acute illness, all the children had been in good health and were within normal percentiles for weight and height. Children with associated pathologic conditions such as vitamin deficiency, caloric malnutrition, and gastric or duodenal pathology were excluded from the study.
All the infants presented the clinical characteristics of acute dehydration, i.e., loss of skin turgor, enophthalmia, and sunken fontanel. The weight loss calculated in proportion to the weight of the child prior to the disease was always 10% or more.
For each individual case, age, weight, anamnestic data, weight loss and plasma values are presented in Appendices 1-4.
We arbitrarily considered as hypertonic dehydration the cases with a natremia over 150 mEq/liter and as hypotonic dehydration the cases with a natremia under 130 mEq/liter. With these criteria in view, we divided the children into three groups: hypertonic dehydration (23 cases), hypotonic dehydration (21 cases), and isotonic dehydration (22 cases).
Methods
Muscle biopsy (1-2 mg dry weight) was taken by a needle from the external muscle mass of the thigh. Tissue water was measured after desiccation at 100°, and sodium, chloride, potassium, and phosphorus were analyzed by neutron activation. Sampling and determination procedures have been described in detail elsewhere [12, 13, 14] .
A skin fragment (1-3 mg dry weight) was excised at the biopsy site. Unlike the muscle sampling, it was difficult to avoid a certain degree of blood contamination during the skin biopsy. Therefore, the sample of skin tissue was carefully blotted with filter paper to remove surface blood. As skin tissue is much less hydrated than muscle tissue, the error in the determination of water resulting from this manipulation is less important. Skin water and ions (sodium, chloride, potassium, and phosphorus) were determined by the same methods as those used for muscle tissue.
Results
The individual results of muscle and skin values are presented in Appendices 1-3. Figures 1-5 , respectively, show the values of water, sodium, chloride, potassium, and phosphorus in muscle in the three groups of dehydrated children.
The results of the analysis are presented in relation to the weight of dry fat-free solid and in comparison to the mean ± 2 SD calculated in relation to age for individual values of a reference group of 69 children [10, 11] .
Figures 6 and 7 show the individual values of water and ions in skin in relation to age in dehydrated children. A representation similar to that used for muscle analysis has been adopted. Because only a limited number of skin analyses could be performed, the separation of the results into three different groups of subjects has not been made. Figure 8 shows the variations of muscle and skin hydration before and after treatment of dehydration in two groups of children: one with hyper tonic dehydration (seven cases) and one with hypotonic dehydration (seven cases). The individual values for water content of the muscle and skin of these children are presented in Appendix 4. Figure 9 shows the relation between plasma chloride concentration and the concentration of chloride in skin water in 19 of the 21 children studied, and figure  10 shows the relation between the concentrations of chloride in water of plasma and muscle in the 66 dehydrated children.
Discussion
The group of infants studied was homogeneous as concerns the cause of dehydration, the length of the process, and the fact that acute diarrhea was the only path- ologic condition observed. These circumstances are favorable for the study of the consequences of acute hydroelectric disturbances consecutive to important fecal losses on the variations of tissue composition in children.
We were not able to show important variations of the intracellular elements in the majority of these dehydrated children. Indeed, all except three of the phosphorus values were within normal limits (Fig. 5) , and only 14 out of 66 dehydrated children presented a significantly decreased value of muscle potassium (Fig.  4) . These last data imply that, in the majority of cases, there was no important cellular depletion of potassium; this finding disagrees with the data obtained through water and ionic balances [5, 6, 24] but can be explained by the short interval between the onset of the illness and the investigation. Thus it seems that, under conditions of acute dehydration, the most important variations of muscle composition are those of hydration and, to a smaller extent, those of sodium and chloride content.
In hypertonic dehydration, an important reduction in water (20 of 23 cases) and an increase in sodium (20 of 23 cases) and chloride content (15 of 23 cases) were observed in muscle tissue. Since potassium content remained normal in the majority of cases, there was hypertonicity of tissular water.
In hypotonic dehydration, in the great majority of cases (19 of 21), muscle tissue remained normally hydrated and there was, in one-third of all cases, a low sodium and chloride content. Hypotonicity of tissular water was observed.
In isotonic dehydration, the data were more variable. Nevertheless, as shown in Figure 1 , all the data but four were below the mean value of the reference group; and in 10 of the 22 cases studied, a significant dehydration of the muscle tissue was observed.
Observations on cutaneous tissue show essential dif- ferences; whatever the form of dehydration, it is usual to note dryness and reduced turgor of cutaneous tissue. The results of our skin analyses showed that in the majority of the cases of dehydration, including hypotonic dehydration where the muscle tissue is, in most cases, normally hydrated, there was an important reduction of skin water content without any detectable changes in the amount of electrolytes and phosphorus (Figs. 6 and 7).
The differences in behavior of the muscle and skin tissues resulting from acute variation in body hydration were made clear in a study of two groups of children; one with hypertonic dehydration (group I) and one with hypotonic dehydration {group II). Two samples of muscle and skin tissue were taken: the first at the time of admission and the second after complete recovery. As is shown in Figure 8 , the body rehydration in all the children of group I was accompanied by an increase of muscle and skin hydration. However, in the case of children with hypotonic dehydration, the increase of cutaneous hydration during treatment was not accompanied by any significant variations of the amount of muscle water.
These observations confirm to a great extent the data collected by the analysis of various tissues in experimental hyponatremia or dehydration: in rats submitted to acute hyponatremia without dehydration, Woodbury [34] observed that the skin reacts to the decrease of extracellular osmolarity in a way which differs from other tissues: the skin dehydrates without loss of electrolytes, whereas a cellular hydration associated with a loss of ions occurs in muscle and heart tissues. As the total body water did not vary in the course of his experiment, the author infers that in acute hyponatremia there is a transfer of cutaneous water toward other tissues which are richer in cells. He concludes that under these conditions skin acts as a storage source of water.
Other experiments, mainly related to the variations in the amount of water of the various tissues in experimental dehydration, confirm the particular role played by the cutaneous tissue: the skin loses more water than the other tissues. In overhydration, the cutaneous tissue accepts almost half of the added water [20] . Eichelberger et al. [15] found direct evidence that "skin is a reservoir capable of taking a very considerable part of any fluid added to the body." Additionally, it has been shown with dogs that acute dehydration produced by hemorrhage or by infusion of hypertonic sucrose is not accompanied by any change in the quantity of muscle water, whereas there is a 7% loss of skin water [8] .
In the light of our observations and of the experi- mental data which have been reported, it clearly appears that the cutaneous tissue, which is hardly cellularized, behaves quite differently from the muscle tissue, which is very rich in cells.
With respect to the available data, it is not possible to define the mechanisms through which skin reacts in a way different from other tissues in response to the variations of body hydroelectrolytic equilibrium. Skin is very poor in cells, and the explanation proposed by Rotman [29] , based on his own experiments and on those of De Boer [8] , is that skin is better adapted to this function of reservoir than other tissues because its water content and salt concentration can be changed independently.
This idea seems now to be confirmed by the study of the chemical structure of skin and collagenous tissue [2, 23, 26] , by studies of experimental dehydration and sodium depletion in rabbits [16, 33] , and through investigations in relation to edema in rats [27] .
In all of the dehydrated children, there was no strong statistical correlation between the variations of chloremia and the concentration of chloride in cutaneous water (Fig. 9 ). This observation confirms that the movement of water between plasma and skin are not accompanied by parallel movement of chloride ions. It is possible that the fraction of cutaneous chloride which may be linked to the connective tissue is not freely diffusible and thus cannot be quickly mobilized.
In muscle tissue, the situation is quite different; there is a significant correlation between the variations of chloremia and of the concentration of chloride in muscle water (Fig. 10 ). This last phenomenon has been experimentally observed in different tissues (muscle, liver, lung, and kidney) [1] .
Conclusion
The variations of tissue composition in acute dehydration as observed in this study can be interpreted from a dynamic point of view. Indeed, the main factors causing the dehydration process are, in the case of the infants studied, an increase of the fecal losses and, to a lesser extent, the accentuation of the skin and pulmonary water losses secondary to fever. However, stool analyses show that if their composition is extremely variable, namely in the concentration of sodium and potassium, they are always hypotonic in relation to plasma [3, 6, 18, 23, 24, 31, 32] . As evaporative losses are also poor in electrolytes and since, in severely dehydrated children, glomerular filtration is reduced, acute diarrhea by itself must lead in most cases to a hypertonic form of dehydration and thus to a generalized hypertonia of all the tissues of the organism. This is the case for muscle and skin tissues which, as we have shown, are dehydrated and hypertonic. Certain studies allow us to think that the same process occurs in cerebral tissue, resulting in intracranial hemorrhages and convulsions [9, 17, 19, 22, 30] . Hypotonic dehydration has been observed in children who received variable quantities of liquid poor in electrolytes (sugar and water, rice water, unsalted carrot soup) as soon as diarrhea appeared. These supplies are insufficient to avoid the persistence of a certain state of global dehydration. Since the balance of electrolytes continues to be negative, hypertonicity is translated into an iso-or even a hypotonicity. Nevertheless the supplies are sufficient to start a rehydration of muscle tissue which contains, in most of the cases of hypotonic dehydration that we have studied, a normal quantity of water.
Under the same conditions the cutaneous tissue remains dehydrated and its composition becomes normal only after the correction of the global dehydration.
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